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Title of the Invention 

PYRIMIDINE NUCLEOTIDE PRECURSORS 
FOR TREATMENT OF SYSTEMIC INFLAMMATION 
AND INFLAMMATORY HEPATITIS 



Field of the Invention 

This invention relates generally to pyriiaidine nucleotide 
precursors including acyl derivatives of cytidine, uridine and 
orotate, and to the prophylactic and therapeutic uses of these 
compounds. The invention also relates to the administration 
of these compounds , alone or in combinations , with or without 
other agents, to animals. These compounds are capable of 
enhancing resistance of an animal to bacterial endotoxin and 
other inflammatory stimuli, and inflammatory mediators. 

Background of the Invention 

Sepsis, also referred to as sepsis syndrome, is a 
consequence of serious infection by bacteria, fungi, or 
viruses. Sepsis accounts for tens of thousands of deaths in 
the United States every year; it is a leading cause of death 
of patients in surgical intensive care units. 

/ 
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sepsis is an inflatory disorder in „ hich endogenous 

" bi ° aCtiVe «*— - "ieasea 

» response to an inflammatory stimulus such as 

° (B * « *- -U "all of gram-negative 

bacteria, , cause various symptoms including fever 
neutropenia. blood coagulation 

and organ damage. ' 

s epsis (or in its fflore severe foraf ^ 
example of a broader class of disease 

. fl cusease called the "Systemic 

a t y eBponEe SynarOTe „ (S1RS)> „ Mch is ^ 

reaction to inflatory stimuli such as endotoxin , Bh ich can 

leakage of endotoxin from gram-negative bacteria into the 

31- can also be triggered by gram-positive bacteria, fungi 
-uses, and can also be a conseguence of eutoimmune disorders 
or administration of therapeutic locator. cytokines. 

Current treatment of sirs involves circulatory and 
respiratory support, hut does not directly address improvement 

tissue resistance to inflammatory stimuli such as 
endotoxin, or inflammatory mediators. 

Monoclonal antibodies for neutralising endotoxins or 
mediators of its physiologic effects are under development. 
However, it is expensive or impractical to use antibodies as 
prophylaxis in susceptible patients, prior to the onset of 
symptoms of endotoxin poisoning. Moreover, it is difficult to 
determine which patients are lix.ly to benefit from antibody 
treatment, since the time reared to culture and identify 
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infectious organisms often exceeds the time limit for 
implementation of effective therapy. Similar problems have 
been encountered in attempts to use receptor antagonists of 
specific inflammatory meidators like interleukin-1. 

Endotoxin toxicity is in part mediated by endogenous 

cytokines and other bioactive molecules released from 

macrophages, Kupffer cells (sessile macrophages in the liver) 

and other cell types in response to endotoxin. Among the most 

significant of these mediators are tumor necrosis factor (TNF) 

and interleukin-1 (IL-1). others include platelet activating 

factor (PAF), interleukin-6, and leukotrienes and other 

arachidonic acid derivatives. Administration of these 

cytokines or mediators results in symptoms similar to at least 

some of those elicited by endotoxin. Agents or pathological 

conditions other than bacterial endotoxin can result in 

elevated production or activity of (or sensitivity to) TNF or 

IL-1, resulting in tissue damage. Such conditions include 

infection with gram-positive bacteria, viruses or fungi, or 

liver damage. Inflammatory cytokines can produce tissue 

damage if present in excess, but when elicited in moderate 

amounts, they are important in the defense against infectious 

organisms or viruses. For example, antibodies to TNF can 

reduce toxicity of an administered dose of endotoxin (by 

blocking the negative effects of TNF elicited by the 

endotoxin), but can have a deleterious effect in the case of 

some bacterial infections, converting a sublethal state of 

infection into an overwhelming lethal infection (Havell, J. 

Immunol , , 1987, 139:4225-4231; Echtenacher et al., J. 

Immunol , , 1990 145:3762-3766). Thus, there are inherent 

-3 
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problems with strateaioq * n *- 4- 

with . *reetang sepsis s ynd ro»e or SIRS 

^ents which airertly lnactivate lnflaimatory cytokiMs 

The Uver is , Bajor slte _ aet 

I "" 684 ' proteins TOp; c(mverse 

*- live, is susceptible to damage b, endotoxin and its ' 
mediators. Llver damage ^ ^ 

carbon tetrachloride, choline aeficiency. viral 
»eye-s syndrome, alcohol) is ln part aadlated , y 
endotoxin or .abators elicited by endotoxin even when 
sy.pto.ns of systemic sepsis are not present (Mol en 

— , S6 , Nolan . 

r « v HeP " 1C tOXiClty ^ ^ patients 

rec.^ng intentional Sections of endotoxin for possible 
efficacy i„ treating canoer (Engelhardt at al.. 

BSSfiaxEb, 1991. 51:2524-2530). The liver h,= K 

llver has reported to 

the fl rst vital organ displa y in 9 pathological alterations 
» -ptic shoe, (Kang et el.. a^...^^^ ^ 
36 = 665-676). Mol . eover , hepat . = ^^.^ ^ ^ 

e.n y stages of sepsis and say initiate sequential organ 
farlure (Wang et al.. Aroh, Snrg , 1991> I26!219 . 224) 

The liver is important in regulating the sensitivity of 
an animal to endotoxin. Various treatments whioh impair liver 
function or metabolism, such as poisoning with lead acetate 
cycloheximide. Actinomycin D or galactoses can increase tt,e 
sensitivity of animals to endotoxin or TNF, in some cases by 
several orders of magnitude. 

V 
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Galactosamine-induced liver damage is unique in that it 
is readily reversible during a period before cell death 
occurs. Galactosamine selectively depletes hepatic uridine 
nucleotides, by locking them into UDP-hexosamines that are not 
converted back into free nucleotides. This can lead to liver 
damage if the depletion of uridine nucleotides is sufficiently 
prolonged, due to impairment of RNA and protein synthesis. 
The biochemical deficiency induced by galactosamine is readily 
reversed by administration of uridine, which replenishes the 
uridine nucleotides trapped by the galactosamine. Thus, 
administration of uridine shortly before or after 
administration of galactosamine attenuates galactosamine- 
induced hepatic damage and consequently restores sensitivity 
to endotoxin toward normal values (Galanos et al., 1979 , 
76:5939-5943) . 

Similarly, endotoxin hypersensitivity in mice 
deliberately treated with the rodent hepatotoxin TCDD was 
partially reversed by administration of uridine (Rosenthal et 
al., [Toxicology, 19B9 56:?.39-251) . 

However, in contrast to these situations wherein uridine 
partially restored experimentally-reduced resistance to 
endotoxin, uridine was reported to have no protective effect 
in normal mice challenged with endotoxin (Markley et al., i_ 
2rauffia 1970, 10:598-607), i.e., it did not result in greater- 
than-normal resistance to endotoxin. 

Uridine, cytidine, and ©rotate have been tested for 

effects on liver function in hepatic disorders and in 

experimental models, with mixed results. Shafer and 

S 
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Isselbacher (QutMataa,,,, 196l , w . 

«iy intravenous infusion of „ to "> *-* 

::rr;;: r ct on * iinicai — ■ — - — 

"63, 236:2464-5.1*0* g ' 01 1 "1^ . 

36.2464 2469), orotic acid administered „ 

iTirr neai in3ection ~— — - — ^ 

«« carhon tetrachloride, dichloroethane, DDT, and , 10 _ 
diethyl-!, 2 - ben2anthrace 

"68,31:717-739, , • * ' £a ™^J=SSite 1 ., 

•717 719). Ly S1 „ Mrotat6 tBSsJli ^ 

*~c exacts froa the KU?hrooa ^ ^ 

° r0t " 6 " a «« - no effect on ^ 

extract toxicity (Halachev. at al., IaiiEan , 
*6:5,l- 576) . Orotic acid been a<taiBi 

»»s for treatment of neonatal hyperlipemia and L • 

*rom myocardial inaction ( . Sulllvan , r 
*^Z^^, 1973 , 3 = 417-422). orotate ia not well 
aDsorDed after oral administration. i n part due to ^ 
solubility. 

Clinical trials involvin, the administration or uridine 
(e.g. for tha purposa of attenuating host toxicity of tha 
antineoplastic drug 5 -f luorour.cil , have Dean complicatad due 
to the Mological propartias of uridine itsalf. Dridine u 
Poorly ahsorDed after oral administration.- diarrhea is dose 

r ans <van ~ n9en et 

MSB. "87, 26:295). Parenteral administration of uridine 
retires use of a centra! venous catheter (with consent 
discomfort and risx of infection), since phlebitis was a 
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problem in early clinical trials when uridine was administered 
via a brachial venous catheter (van Groeningen et al. Cancer 
Treat Rep. , 1986, 70:745-50). 

Administration of acyl derivatives of uridine and 
cytidine, which are readily absorbed from the gut into the 
bloodstream, and which are then hydrolyzed to yield free 
uridine or cytidine in the circulation, overcome the problem 
of poor oral absorption of the free nucleosides (US Patent 
Applications Serial No. 438,493, 115,929, and 903,107, hereby 
incorporated by reference). 

Objects Of the TnvPDtinn 

It is a primary object of the invention to provide 
therapeutic and prophylactic agents which are effective in 
improving survival and in preventing tissue damage from 
systemic inflammatory response syndrome, including sepsis. 

It is a primary object of this invention to provide a 
family of compounds which effectively enhance resistance to 
systemic inflammation. Administration of these compounds to 
an animal before, during or after exposure to endotoxin or 
other inflammatory stimuli, prevents or treats the effects of 
systemic inflammation. 

It is a further object of this invention to provide a 
family of compounds for the treatment of a variety of 
disorders involving inflammatory stimuli or inflammatory 
cytokines in their etiology. 

7 
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-mr y « =« s to lnprove survival ^ physl 
functions in animals subjected to 

„ rt . . ejected to endotoxin poisoning or other 

systems inflammatory disorders. 

familf ! S 8 tUrth6r 0b3BCt " inVe " l0n *> P-ide a 
famrlv of compounds to treat or prevent inflatory 
hepatitis. «ory 

It is a further obiect of 

DDect of the invention to provide 
compounds which can ^ atoinistered ^ _ 

^aaQ_3f_3aie ipveptigp 

These and other obiects of • 

wjecrs of the invention are achi-,^ ^ 
Precursors of p yrlmlaine _ _ ^ 

salts, uridine, cytidine, or prodrug derivatives of these 

r:; :;:rr acyl derivatives ° r > h ~ — — 

» adm lni stered to animals. i ncluQlng mammals such as 
— ns. Xhe administration or these compounds alone- or in 
combination, is useful in treatment or prevention of 

conferences of systemic inflammation. Systemic inflammation 
- caused by infeotion Blth bacteria> fungi _ ^ 

constituents of bact^r^ * 

ox oacteria, fungi or viruses =. ~ 

, viruses, e.g. endotoxin 

polysaccharides or viral «r-rvr-«- 

r viral proteins respectively, by 

ditzr mealatcrs - or °r * — • - — 

Thus, the compounds of the invention, alone or in 
combination, are useful i„ the treatment and prevention of 
sepsis or toxic ejects or inflammatory cytokines.- are useful 
- Prophylactic agents in patients at risK of sepsis e.g 
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patients undergoing surgical procedures, or afflicted with 
serious burns or wounds, or immunocompromised as a conseguence 
of chemotherapy for cancer or other diseases. 

An important aspect of this invention is the discovery 
that pyriraidine nucleotide precursors such as orotate, 
uridine, or cytidine, and acyl derivatives of such compounds, 
have unexpected therapeutic properties . 

One embodiment of the invention involves the use of the 
compounds and compositions of the invention in treatment and 
prevention of toxicity encountered during therapeutic 
administration of inflammatory cytokines, e.g. for treatment 
of cancer. 

One embodiment of the invention involves the use of the 
compounds and compositions of the invention in treatment and 
prevention of inflammatory hepatitis. 

Compounds of the Invention 

The compounds useful in enhancing resistance to 
inflammatory stimuli or inflammatory mediators have the 
following structures: 

In all cases except where indicated, letters and letters 
with subscripts symbolizing variable substituents in the 
chemical structures of the compounds of the invention are 
applicable only to the structure immediately preceding the 
description of the symbol. 

(1) Uridine or an acyl derivative of uridine having 
the formula: 

4 
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OR3 



hydrogen or an acyl radio, , ai " e «nt and each is 

y radical of a metabolite, or a 
Pharmaceutical!, acceptable salt thereof. 

» 

(2) Cytidine or an acyl derivative of evM-- 
having the formula: cqrtidon. 



NHR, 




Bher * in R - R . ™- «. are the same or different and 
hydro 9 en or an acyl radical », dlffe "nt and each is 

yi raai =al of a metabolite or a 
Pharmaceutical^ acceptable salt thereof. 



formula: 



»> *» acyl derivative of uridine havino the 
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R20 OR3 



wherein R 4 , R 2 , and R 3 are the same, or different, and each is 
hydrogen or an acyl radical of 

a. an unbranched fatty acid with 5 to 22 carbon atoms, 

b. an amino acid selected from the group consisting of 
glycine, the L forms of alanine, valine, leucine, isoleucine, 
tyrosine, proline, hydroxyproline , serine, threonine, cystine, 
cysteine, aspartic acid, glutamic acid, arginine, lysine, 
histidine, carnitine and ornithine, 

c. a dicarboxylic acid having 3-22 carbon atoms, 

d. a carboxylic acid selected from one or more of the 
group consisting of glycolic acid, pyruvic acid, lactic acid, 
enolpyruvic acid, lipoic acid, pantothenic acid, acetoacetic 
acid, p-aminobenzoic acid, betahydroxybutyric acid, orotic 
acid, and creatine. 

(4) An acyl derivative of cytidine having the 

formula: 



ft 
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Whereln *~ — *. are t*. sane Qr fllff 
•• an un bra „c hed fatty y 

»- an .„ lno aold ■ «*« at ons , 
^ycine, L tmmM oh '"^ ^ tte *™P consisting of 

iBolaucln 7 " P y aUnlne ' — 

- ■ acia sa c r a r ornitwne ' 

d 2 carb °n atoms, 

«*. ana c reatlne ' ac id . orotlc 



( 

formula: 



/2 
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O 



R.O 




wherein at least one of R,, R„ or R, is a 

hydrocarbyloxycarbonyl moiety containing 2-26 carbon atoms and 
the remaining R substituents are independently a 
hydrocarbyloxycarbonyl or hydrocarbylcarbonyl moiety or H or 



wherein at least one of R 1# R a , R a or R 4 is a 

hydrocarbyloxycarbonyl moiety containing 2-26 carbon atoms and 
the remaining R substituents are independently a 
hydrocarbyloxycarbonyl or hydrocarbylcarbonyl moiety or H or 
phosphate . 



phosphate . 



(6) An acyl derivative of cytidine having the 



formula: 
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(7) orotic acid or salts 



thereof: 




COOH 



Pharfflaceuti «^y-acceptable salts of orotic ae -„ • 
those i„ which the ° r ° tlc ac ^ delude 

cationic component of the sa n- ^ 
potassium a h=. • . 6 salt ls s °dium, 

-oo aaltons . 8 " 0leCUlar »- than about 

8) Aicohol-substitntea orotate derivatives: 




C00R, 



=to* s 301n ed to orotate via an eater linKaoe. 



/ 
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Also encompassed by the invention are the 
pharmaceutical^ acceptable salts of the above-noted 
compounds . 

Advantageous compounds of the invention are short-chain 
fatty acid esters of uridine or cytidine. Particularly 
advantageous compounds are triacetyluridine, triacetylcytidine 
or salts of orotic acid. 

Jnhibitors of u ridine phosphm-yl 

As an alternative or adjunct to the above-noted 
pyrimidine nucleotide precursors, the following compounds are 
useful in the invention. These agents elevate tissue uridine 
nucleotide levels by inhibiting catabolism of endogenous or 
exogenous uridine. Co-administration of uridine phosphorylase 
inhibitors with pyrimidine nucleotide precursors reduces the 
amount of nucleotide precursor required to obtain therapeutic 
benefit. 

Examples of inhibitors of uridine phosphorylase include 
but are not limited to 5-benzyl barbiturate or 5-benzylidene 
barbiturate derivatives including 5-benzyl barbiturate, 5- 
benzyloxybenzyl barbiturate, 5-benzyloxybenzyl-i-[ ( l- 
hydroxy-2-ethoxy) methyl] barbiturate, 5- 
benzyloxybenzylacetyl-l-[ (l-hydroxy-2-ethoxy ) methyl ] 
barbiturate, and 5-methoxybenzylacetylacyclobarbiturate, 
2,2'-anhydro-5-ethyluridine, and acyclouridine compounds, 
particularly 5-benzyl substituted acyclouridine congeners 
including but not limited to benzylacyclouridine, benzyloxy- 
benzylacyclouridine , aminomethyl-benzylacyclouridine , 
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•*ino„,thy lbM , ylmarlmwaar hy(Jro ^ 

acyciouridine s.e „r ^^"^-^^n* »»- 
icine. see also ko B9/09603 and wo 9i/i fi3 , R „ 

incorporated by reference. 

anrt , y deriva taves of cytidine, uridine 

and orotate anrf -t-K^, iUine / 

f . and the use of these coapounds and/or uridine 
Phosphoryl ase inhibitors for treats 

treating or preventing 
Pa.hoxog.cai conseguences of endotoxin and other infla . 
stimuli or mediators • inflammatory 

t0rS in ani ^ls, including humans. 

enhanc" inV6nti ° n diS&1 ° Sed ^ — for 

enhancing the resistance of an animal - 

and mediators ExaaDl *° -*«Y stimuli 

Examples presented below demonstrate ^ 
Prophylaxis and treats- * onstrate both 

other infl ^ ^ t0 and 

other inflammatory stimuli. The method of the invent' 

be used in conjunction with rth Mention can 

" ctlon WJ -th other methods for treats „ 
P"venti„ 9 sepsis „ systMic lnflaiMation _ <~~- « 

-ers'Vn " Pyrin " lne " UCle0tide " — — 

^ a compound which is converted to a pyriaidin. 

—otide foll ow ln9 ad a i„i s tration to .„ 

" ClUdeE eSP ~ ia "* uridine, or orotic aciT or 

Prodrugs cincludin, acyl derivatives, o f these 

or these compounds. 

The ter* .. cy i derivative" as used herein „sans a 

derivative or a pyri-idine nucleoside in which 1 

Ch a substantially 
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nontoxic organic acyl substituent derived from a carboxylic 
acid is attached to one or more of the free hydroxyl groups of 
the ribose moiety of the oxypurine nucleoside with an ester 
linkage and/or where such a substituent is attached to the 
amine substituent on the purine ring of cytidine, with an 
amide linkage. Such acyl substituents are derived from 
carboxylic acids which include, but are not limited to, 
compounds selected from the group consisting of a fatty acid, 
an amino acid, nicotinic acid, dicarboxylic acids, lactic 
acid, p-aminobenzoic acid and orotic acid. Advantageous acyl 
substituents are compounds which are normally present in the 
body, either as dietary constituents or as intermediary 
metabolites. 

The term "pharmaceutical^ acceptable salts" as used 
herein means salts with pharmaceutical ly acceptable acid 
addition salts of the derivatives, which include, but are not 
limited to, sulfuric, hydrochloric, or phosphoric acids. 

The term "coadministered" means that at least two of the 
compounds of the invention are administered during a time 
frame wherein the respective periods of pharmacological 
activity overlap. 

The term "amino acids" as used herein includes, but is 

not limited to, glycine, the L forms of alanine, valine, 

leucine, isoleucine, phenylalanine, tyrosine, proline, 

hydroxyproline, serine, threonine, cysteine, cystine, 

methionine, tryptophan, aspartic acid, glutamic acid, 

arginine, lysine, histidine, ornithine, hydroxylysine , 

carnitine, and other naturally occurring amino acids. 

/7 
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The ten, » Iattv acids „ a£ ue 

y satur "=° °r polyunsaturated. 
The term -dicarboxyiic acids" as used h .„. 

—rLr ;r;;r ticaiiy ef f — — ■ - — 

•«"*. for a " SMUnt — ' *«— -rapeutie 

C ° naitl0n « re g i. en . 
The tera "«Psis» as UEed hare . , 

i. which ei : r c ; y r ic 

"oactive molecules. ~ ana other 

inrlammatory Etllmlus bacterla 7 d " *~» *° - 

« the cell wan of " •"**«!» ( . CO]npon6nt 

" or gram-negative bacterial - 
symptoms i„cludin g Ie ver. neutropenia bl " ' 

-orders, hypotension, shoe* 1 

shock, and organ danage. 

The term -inflatory stimulus- as use d „ , 
exogenous agent which tri gger s .„ infl ^ » 

— ». Bxanples of ^ ^ ^ «~ - an 
*— i. Viruses, nonviable rraJL "* ^l*' 

-h as endotoxin,, ^^^J " ^ 

— ic or anaphylactic responses «~ 
—ders. endo g enous elements or e p ti n -sT " 

P-iculsr cellular proteins function ^tu^""' '* 

inflammatory stimuli. 

The term -mediator" as used herein » 
exogenous (e o . v.- a her ^n means endogenous or 

us (e.g. recombinant polypeptide k- 

9 31 effects of endotoxin or other inn- 

^ otfter inflammatory stimuli 
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such as fungal polysaccharides. Examples of such agents 
include but are not limited to tumor necrosis factor (TNF), 
interleukin-1 (IL-1), interleukin-6 (IL-6), plasminogen 
activator inhibitor (PAI), leukotrienes, elements of the 
complement cascade, nitric oxide, or platelet-activating 



factor. 



B - Compounds of thp T^y^,^ 



A primary feature of the present invention is the 
unexpected discovery that uridine and other pyrimidine 
nucleotide precursors do in fact protect otherwise normal 
animals (e.g. animal models in which the organism has not 
received a clinically-irrelevant hepatotoxic sensitizing agent 
like galactosamine or TCDD) from toxicity due to bacterial 
endotoxin and other inflammatory stimuli which produce tissue 
damage through elicitation of endogenous inflammatory 
mediators . 

Tissue uridine nucleotide levels can be increased by 
administration of several precursors. Uridine and cytidine 
are incorporated into cellular nucleotide pools by 
phosphorylation at the 5' position? cytidine and uridine 
nucleotides are interconvertible through enzymatic amination 
and de-amination reactions. Orotic acid is a key intermediate 
in de novo biosynthesis of pyrimidine nucleotides. 
Incorporation of orotic acid into nucleotide pools requires 
cellular phosphor ibosyl pyrophosphate (PRPP). Alternatively 
(or in addition to provision of exogenous nucleotide 
precursors), availability of uridine to tissues is increased 
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(2) An acyl derivative of cytidine having the 



formula: 



NHR« 




OR 3 



wherein R x , R a , r, an d R 4 are the same or different and each is 
hydrogen or an acyl radical of a. metabolite, provided that at 
least one of said R substituents is not hydrogen, or a 
pharmaceutically acceptable salt thereof. 

The compounds of the invention useful in enhancing 
resistance to endotoxin include: 



(3) An acyl derivative of uridine having the 



formula : 
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leucine, isoleucine, tyrosine, proline, hydroxyproline, 
serine, threonine, cystine, cysteine, aspartic acid, glutamic 
acid, arginine, lysine, histidine carnitine and ornithine, 
c a dicarboxylic acid having 3-22 carbon atoms, 
d. a carboxylic acid selected from one or more of the 
group consisting of glycolic acid, pyruvic acid, lactic acid, 
enolpyruvic acid, lipoic acid, pantothenic acid, acetoacetic 
acid, p-aminobenzoic acid, betahydroxybutyric acid, orotic 
acid, and creatine. 



(5) An acyl derivative of uridine having the 

formula: 




R z O OR3 



wherein at least one of R x , R 2 , or R 3 is a 

hydrocarbyloxycarbonyl moiety containing 2-26 carbon atoms and 
the remaining R substituents are independently a 
hydrocarbyloxycarbonyl or hydrocarbylcarbonyl moiety or H or 
phosphate . 

(6) An acyl derivative of cytidine having the 

formula: 
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where™ at least one of K , ^ R> „ R< ^ ■ 
hyorocar byloJtyC a rb o nyl mo let y oontai Bing 2 . 26 c „ b 
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(?) ° r ° tic: aci « °r salts thereof: 




COOH 



Phar*aceutically-acceptable salts 

— - «. oat lonlc ^ * ' ~ t r d — 

a ^ a. n o ae ld _ aa a^ ' J^"" 

soluble cation with a molecular weiah* t 
1000 daltons. 9 l6SS than abou t 
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8) Alcohol-substituted orotate derivatives: 



0 




wherein B, is a radical of an alcohol containing l to 20 carbon 
atoms joined to orotate via an ester linkage. 

i 

Also encompassed by the invention are the 
pharmaceutical]^ acceptable salts of the above-noted 
compounds . 

Advantageous compounds of the invention are short-chain 
fatty acid esters of uridine or cytidine. Particularly 
advantageous compounds are triacetyluridine or 
triacetylcytidine . 

Inhibitors o f uridine ohosphorylase 

Examples of inhibitors of uridine phosphorylase include 
but are not limited to 5-benzyl barbiturate or 5-benzylidene 
barbiturate derivatives including 5-benzyl barbiturate, 5- 
benzyloxybenzyl barbiturate, 5-benzyloxybenzyl-l-[ (1- 
hydroxy-2-ethoxy) methyl] barbiturate, 5- 

«» 

benzyl oxybenzyl acety 1-1- [ (l-hydroxy-2-ethoxy) methyl] 
barbiturate, and 5-methoxybenzylacetylacyclobarbiturate, 
2,2 '-anhydro-5-ethyluridine, and acyclouridine compounds, 
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barbiturate , 5-benzyloxybenzyl-i- [ ( 1 -hydroxy- 2 -ethoxy ) methyl ] 
barbiturate, 5-benzyloxybenzylacetyl-l-[ (l-hydroxy-2- 
ethoxy) methyl] barbiturate, and 5-raethoxybenzylacetyl- 
acyclobarbiturate , 2,2' -anhydro-5-ethyluridine , and 
acyclouridine compounds, particularly 5-benzyl substituted 
acyclouridine congeners including but not limited to 
benzylacyclouridine , benzyloxybenzylacyclouridine , 
aminomethyl-benzylacyclouridine , aminomethylbenzyloxybenzyl- 
acyclouridine, hydroxymethyl-benzylacyclouridine, and 
hydroxymethyl-benzyloxybenzylacyclouridine. See also US 
5,077,280 and wo 91/16315, hereby incorporated by reference. 
Furthermore, it is within the scope of the invention to 
utilize an inhibitor of uridine phosphorylase alone, without 
coadministration of a pyrimidine nucleotide precursor, for the 
purpose of improving tissue resistance to endotoxin or 
inflammatory mediators. 

In another embodiment, the compounds of the invention 
include in addition to one or more compounds of the invention, 
and at least one of the following compounds which are also 
useful for treating endotoxin toxicity or sepsis: Antibodies 
or other proteins which bind to endotoxin, TNF or IL-1; 
Polymyxin B cbnjugated to a polymeric support matrix (in order 
to reduce Polymyxin B toxicity while taking advantage of its 
capacity to bind and inactivate endotoxin) ; antagonists of 
IL-1 or TNF receptors? antibiotics; inhibitors of the 
arachidonic acid cascade; arginine or ornithine; corticosteroids; 
glucose; ATP; a purine nucleotide precursor including inosine, adenosine, 
or an acyl derivative thereof; cyclic AMP or acyl derivatives thereof. 

A7 
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The compounds, compositions, and methods of the invention 
are useful for reducing tissue damage due to systemic 
inflammatory response syndrome (SIRS), including sepsis, 
triggered by bacterial (both gram-positive and gram-negative), 
viral, fungal, or parasitic (e.g. malaria) organisms. All of 
these types of infective organisms stimulate the formation or 
release of endogenous inflammatory mediators, resulting in 
tissue damage. 

The compounds of the invention are administered to 
patients with symptoms of sepsis, e.g. fever, neutropenia, 
hypotension, etc., or prophylactically to patients at risk for 
sepsis, e.g. surgical patients, patients with serious burns or 
wounds, or patients with urinary tract catheters. 

The compounds, compositions, and methods of the invention 
are optionally administered in conjunction with other agents 
which are useful in treating sepsis, including but not limited 
to one or more of the following: Antibodies or other proteins 
which bind to endotoxin, TNF or IL-1; Polymyxin B conjugated 
to a polymeric support matrix (in order to reduce Polymyxin B 
toxicity while taking advantage of its capacity to bind and 
inactivate endotoxin); antagonists of IL-1 or TNF receptors; 
antibiotics; inhibitors of the arachidonic acid cascade; 
leukotriene antagonists arginine or ornithine; 
corticosteroids; glucose; ATP; inosine; cyclic AMP or acyl 
derivatives thereof. The compounds of the invention are 
administered either before, after, or during exposure of the 
animal or patient to one or more of these other agents. 

1L* 
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and organ failure. The compounds, compositions, and methods 
of the invention are useful in the treatment of patients at 
risk for hypermetabolic organ failure. 

A serious consequence of sepsis is a propensity toward 
coagulation disorders, especially disseminated intravascular 
coagulation (DIC). In DIC, both blood coagulation and 
fibrinolysis are activated, so that blood clotting factors are 
rapidly consumed and aggregates of thrombin form in the 
circulation. DIC can result in either (or both) hemorrhage or 
thrombus formation. The liver is the primary site for 
synthesis of clotting factors and for clearing micro- 
aggregates of thrombin from the circulation. The protective 
and therapeutic effects of the compounds, compositions, and 
methods of the invention attenuate sepsis-induced alterations 
in blood coagulation (see Example 11). 

/"* 

Reduction o f toxicity of t h erapeutic cytokines 

Many of the biological effects of endotoxin and other 
inflammatory stimuli are mediated by the release of endogenous 
bioactive molecules (mediators) from target cells, 
particularly macrophages and Kupffer cells (sessile 
macrophages in the liver). Evidence for this is that 
macrophages in the C3H/HEJ strain of mice are genetically 
non-responsive to endotoxin ( in terms of releasing cytokines 
upon exposure to endotoxin), and endotoxin is relatively non- 
toxic in this strain. These mice are however sensitive to 
bioactive peptides normally released from macrophages, e.g. 
tumor necrosis factor (TNF), and toxicity of LPS is restored 
by transplantation of normal macrophages. TNF is generally 
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antitumor efficacy. Endotoxin also has irarounostimulant 
properties. The compounds of the invention are thus useful 
for improving the therapeutic index of endotoxin, endotoxin 
analogs or derivatives (e.g. Lipid A, Lipid X, Monophosphoryl 
Lipid A, etc.) or their mediators. Hepatic toxicity is also 
dose-limiting during intentional administration of TNF to 
humans (Kimura et al. dancer Chemother. Pharmanm . 19 B7 , 
20:223-229). Inflammatory stimuli of yeast or fungal origin, 
such as the polysaccharides glucan or lentinan are also used 
therapeutically as iramunoraodulators for treatment of 
infections or cancer (Seljelid, Scand. J . T^m^m 1989/ 
29:181-92; Bowers et al., J. Surd. Rgg_ 1989;47:183-8). 
Double-stranded RNA, such polyinosine-polycytidine, also has 
therapeutic activity as an inflammatory stimulus for treatment 
of cancer or infections. 

The inflammatory peptide Interleukin-1 (IL-1), which 
mediates some actions of endotoxin, similarly has important 
therapeutic potential (e.g. in restoring hematopoiesis after 
damage caused by cancer chemotherapy), but its use is limited 
by toxic side effects which may be attenuated by utilization 
of the compounds, compositions, and methods of the invention. 

Interleukin-2 (IL-2) is used clinically for treatment of 
several varieties of cancer; it also has potential activity as 
an immunomodulator in treatment of various infections and in 
modulating the response to vaccines. Hepatic toxicity in 
response to IL-2 is not uncommon in patients receiving 
therapeutic doses of IL-2 for cancer treatment (Viens et al., 
J. Immunother . 1992 11:218-24). In an experimental model of 
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shown significant antitumor efficacy (Engelhardt R et al., 
Cancer. Rps. 1991 51:2524-30). 

For prevention or treatment of toxicity due to 
administration of therapeutic cytokines, approximately 0.5 to 
40 grams of a pyrimidine nucleotide precursor is administered 
daily for one to several days, depending on the duration of 
the cytokine treatment. The pyrimidine nucleotide precursors 
are administered before, during, or after administration of 
the therapeutic cytokine. The therapeutic cytokines are 
administered in the particular doses and regimens already 
established for experimental and clinical treatment of various 
forms of cancer, except that increased doses of cytokines may 
be tolerated when the pyrimidine nucleotide precursors of the 
invention are administered, as would be determined in simple 
dose-escalation studies for each cytokine or inflammatory 
stimulus . 

Jnflammatory Hepatitis; Liver disorder s involving gsggtoyia or- 
mediators 

The liver is susceptible to damage by endotoxin or its 
mediators, particularly when liver function is impaired. 
Liver damage from many originating causes (e.g. choline 
deficiency, Reye's syndrome, or alcohol) which either increase 
hepatic sensitivity to endotoxin or inhibit endotoxin 
clearance, is in part mediated by bacterial endotoxin 
(normally present in the portal circulation due to leakage of 
small amounts from the intestine into the bloodstream) or 
mediators elicited by endotoxin (Nolan, GastroentPrMngy , 1975 
69:1346-1356; Nolan, Hepatol pgy 1989 10:887-91). Hepatic 
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B. Alcoholic liver damage 

Endotoxin and TNF contribute to hepatic problems 
associated with exposure to alcohol. (Nolan JP, Hepatol nrry 
1989 10:887-91; Arai M, , Nakano S, Okuno F, et ml. Henatm nrry 
1989; 9:846-851; McClain CJ and Cohen DA, Hepatol ocry 1989; 
9:349-351) 

C. Fulminant hepatitis 

Tumor necrosis factor is implicated in the etiology and 
progression of fulminant hepatitis, which can rapidly lead to 
hepatic failure and death (Aderka. etal., Med BXSSthMSSS 1988 
27:193-6) 

D. Viral hepatitis 

Endotoxin contributes to hepatocyte damage occurring 
during viral hepatitis, viral hepatitis reduces the LD B0 of 
endotoxin in animal models, and exclusion of endogenous 
endotoxin from experimental animals (by colectomy or by using 
axenic rodents) reduces the hepatic damage caused by a viral 
challenge. (Gut et al., J. Infegt, Qjggagse^, 19B4 , 149:621). 
In some cases of hepatitis, immune or inflammatory responses 
to hepatic viral infection mediated by T lymphocytes or 
macrophages contributes to liver damage. In either situation, 
the compounds, compositions, and methods of the invention are 
useful for treating hepatic damage related to viral infection. 
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H. Partial hepatectomy 

Following partial hepatectomy (e.g. for removal of 
cancerous tissue), morbidity and mortality from hepatic 
failure is not uncommon. Liver tissue undergoing regeneration 
after partial hepatectomy in animals is hypersensitive to the 
deleterious effects of endotoxin and mediators (Shirai et al., 
Acta Pathol. Jnn. . tor-7 37:1127-1134). 

I. Postanesthetic hepatitis 

Inhalation anesthetics such as halothane can induce 
hepatitis, particularly if hepatic bloodflow is also impaired. 
Endotoxin is implicated in the etiology of postanesthetic 
hepatitis (Lomanto et al., Anesth. Analg. r 1972, 51:264-270); 
the compounds of the invention are thus useful for 
administration to patients (prophylactically, therapeutically, 
or both) undergoing inhalation anesthesia for preventing and 
treating hepatitis. Trauma itself may contribute to 
postanesthetic hepatitis. Trauma furthermore often induces 
translocation of bacteria and endotoxin from the gut into 
other tissues via the bloodstream. Surgery patients are among 
the groups most susceptible to endotoxin poisoning (due to 
infection). Therefore, treatment of surgical patients with 
pyrimidine nucleotide precursors (before, during, or after 
surgery) significantly improves their resistance to endotoxin 
poisoning. 
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J. Cholestatic hepatitis 
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Endotoxins ana inxla^ator, seaiators are aiso invoived 
- other nepatic aisoraers, tne aiversit y of tne specific 
~.» P ies discussed shove serve to inaicate tnat the compounds 
^positions, ana methods or the invention are usefui in ' 
treaty or preventing a broad variety of aiver diseases. 

For treatment cf inflan,ator y hepatitis, o.s to 40 g ra*s 
<advantageous ly 3 to 30 gra^s, of a Py ri„idine nuclide 
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precursor ate administered daily, advantageously divided into 
one to about four doses. The duration of the treatment 
regimen depends on improvement of clinical symptoms; acute 
inflammatory liver disorders will typically require a shorter 
course of treatment than chronic degenerative conditions. 

Other cjignr-Horc 

As is demonstrated in Examples 2, 4-6, and 9, the 
compounds of the invention protect tissues other than liver, 
e.g. muscle, as indicated by serum creatine phosphokinase 
(CPK) levels in animals treated with endotoxin or the fungal 
inflammatory agent zymosan. Serum CPK activity is elevated as 
a consequence of damage to skeletal or heart muscle. 

Cachexia, a syndrome of weight loss, tissue wasting and 
misutilization of nutrients is a common complication in 
patients with cancer. TNF is implicated in the initiation and 
maintenance of cachectic states; "Cachectin" is a synonym for 
TNF. The compounds, compositions, and methods of the 
invention are useful for treating patients with cachexia. 

Vetera narv annl i na-M nr» c 

In horses and other large animals, there is a common 
syndrome known as laminitis, which is one consequence of 
endotoxin from the gut entering into the systemic circulation 
(often after the animal overeats carbohydrate-rich foods, 
changing the bacterial populations in the gut). The 
compounds, compositions, and methods of the invention, since 
they attenuate tissue damage due to endotoxin, are useful in 
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seating or preventing laxninitis and other effects of 
endotoxin poisoning in animals. 

&jffiiias£rafciBB nnd FoT-n,»i a ^ ifTT 
of th» TT»>^ n1 . inTl 

The compounds ana conposltlons of inventlon ^ 

administered orally. ^ intravenously 
or by other means , flependlng cn oonaition beins ^ 

ana the status of the patient. 

The compounds ana positions of the invention are 
agisters* chronicelly, intermittently, or acutely as 
-eded. xn the case of an event which involves endotoxin 
toxicity or systemic inflatory syndrome, the compounds and 
^tions are administered prior to. during, or after such 

The Pharmacoiogically active compounds optionally are 
coined with suitable pharmaceutical^ acceptable carriers 
comprising excipients and auxiliaries which facilitate 
Processing of the active compounds, ^ are administered as 
tablets, dragees, capsules, and suppositories. The 
compositions are administered for example orally, rectally , 
vaginally, or released through the buccal pouch of the mouth 
and may be app i ied in soluWon ^ fay ^ > 

-Prcal administration, Xhe compositions may contain from 
about o.l to 99 percent, preferably from about 50 to 90 
Percent of the active compound^,, together with the 
excipient(s) . 
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For parenteral administration by injection or intravenous 
infusion, the active compounds are suspended or dissolved in 
aqueous medium such as sterile water or saline solution. 
Injectable solutions or suspensions optionally contain a 
surfactant agent such as polyoxyethylenesorbitan esters, 
sorbitan esters, polyoxyethylene ethers, or solubilizing 
agents like propylene glycol or ethanol. The solution 
typically contains 1 to 25% of the active compounds. 

Suitable excipients include fillers such as sugars, for 
example lactose, sucrose, mannitol or sorbitol, cellulose 
preparations and/or calcium phosphates, for example tricalcium 
phosphate or calcium hydrogen phosphate, as well as binders 
such as starch paste, using, for example, maize starch, wheat 
starch, rice starch or potato starch, gelatin, tragacanth, 
methyl cellu-lose, hydroxypropylmethyl cellulose, sodium 
carboxymethyl cellulose and/or polyvinyl pyrrolidone. 

Auxiliaries include flow-regulating agents and 
lubricants, for example, silica, talc, stearic acid or salts 
thereof, such as magnesium stearate or calcium stearate and/or 
polyethylene glycol. Dragee cores are provided with suitable 
coatings which, if desired, are resistant to gastric juices. 
For this purpose, concentrated sugar solutions are used, which 
optionally contain gum arable, talc, polyvinyl pyrrolidone, 
polyethylene glycol and/or titanium dioxide, lacquer solutions 
and suitable organic solvents or solvent mixtures. In order 
to produce coatings resistant to gastric juices, solutions of 
suitable cellulose preparations such as acetylcellulose 
phthalate or hydroxypropylmethylcellulose phthalate are used. 
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Dyestuffs „ optiMaiiy ^ ^ ^ ^ 

*ra g e e coetin g s. for exaBple< identl(lcation ^ 
to characters different compound doses. 

The ph.r.aceuticaa preparations of the present invention 
are eanufactured in a Mn „er which is itseif *nown. for 
~a.ple. nv »eans of conventions! ^i,,,, granulatlng> 

— oivin g . or iyophiiisin, proo, Thus 

Phar.aceoticai preparations for orai use are obtained b y ' 

Kbl ' ,ln9 ^ -poundts, with soiid excipients 

optional tte resulWng Kixtore ^ ■ 

» -ore of granules , sfter a<jding 

eSlred ° r - ^lets or dra g ee core!, 

ore! 7T PharMCeUtlM1 nations which are usefui for 

:: i: 1 :;: lnciude push - fit — — - — - 

s c MlGfl ° aPSUleS ^ ~ — - » P-ticiser 

the act- M S0 " blt01 - — contain 

the act.ve coepound ( s, in the fore of fannies which 

IT:; 11 ! " — "«* «— ^ « iactose, binders 
--rate. and. optiona lly stabilise, xn soft capers, the 

t ll5UldS " "^a paraffin, or 

~ y eth y x.„. glycols . Jn ^ stabiiiiers ^ 

HZ'. ~" f0rMl " l0nS ~ — tion ineiud 

olut.ons. suspensions, or e^sions. In partlcalar> . ' 

*- -tabi. for administration via an enterai 

a naso g astric tube, is adva„ta 9 eous . partisan, for 

bedridden or unconscious patients. 
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Pharmaceutical preparations which are used rectally 
include, for example, suppositories which consist of a 
combination of active compounds with a suppository base. 
Suitable suppository bases are, for example, natural or 
synthetic triglycerides, paraffin hydrocarbons, polyethylene 
glycols or higher alkanols. In addition, gelatin rectal 
capsules which consist of a combination of the active com- 
pounds with a base are useful. Base materials include, for 
example, liquid triglycerides, polyethylene glycols, or 
paraffin hydrocarbons. 

Suitable formulations for parenteral administration 
include aqueous solutions of the active compounds in water 
soluble form, for example, water soluble salts. In addition, 
suspensions of the active compounds as appropriate in oily 
injection suspensions are administered. Suitable lipophilic 
solvents or vehicles include fatty oils, for example, sesame 
oil, or synthetic fatty acid esters, for example, ethyl oleate 
or tri-glycerides. Aqueous injection suspensions optionally 
include substances which increase the viscosity of the 
suspension which include, for example, sodium 
carboxymethylcellulose, sorbitol and/or dextran. The 
suspension optionally contains stabilizers. 

Synthesis of the Compounds of the Invention 

Acylated derivatives of pyrimidine nucleosides are 
synthesized by reacting a pyrimidine nucleoside or congener 
with an activated carboxylic acid. An activated carboxylic 
acid is one that has been treated with appropriate reagents to 
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. ::::: rrrrrr °~ ~ 18 to — 

" thB carboxyiic acid. 

«- COBPOunds of the invention are acia ^ ^ 

prides, n-hydroxysuccinimide ester6 _ ^ ^ 

like Slcyclohexylcarbodiimide (Dec) . 

During preparation of the aevi , 

™" BCVI compounds of the 

-vention. when the acid souroe of the desired ao yl derivative 

.roups which interfere with the acyiation reactions e g 
hydrOXyl M — — — groups are bioOed ^ ^ 
Protecting groups, e.g.. t-butyidimethyisiiyi ethers or t-Boc 
^u P s. respective*. before . f 

-r exampie. .actio acid is converted to 2 -t-but yl dimeth yl - 
« -^propionic acid with -but.idimetb.ichiorosiiane. 

^ hydr — - — * si lyl .ster with 
aqueous base. The anhydride is fo„,„„ v, 
_ . ls f °r»ed b y reacting the 

Protected acid with Dec. with amino acids, the K-t-BOC 
^vstrve is prepared, using standard technigues. which is 

then converted to the anhydride with DCC. „ lth acids 
cent i _ _ Mrboxyiate ^ 

fll " aalPl= «* »" "hydride of the desired 

"Jicarboxylic acid is rex,.*.* • 

pvridi " RTiBlaine nucieosid. in 

Py " dlne ° r Pyrldlne PI- «»ethylformamide or 
d amethylacetaroide . 

^ino acids are coupied to the exocyciic amino groups of 
cyt^ne. and to hydroxy groups on the aidose moiet y of 

*4 
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pyrimidine nucleosides or their congeners, by standard methods 
using Dec in a suitable solvent, particularly a mixture of (i) 
methylene chloride and (ii) dimethyl acetamide or 
dimethylf ormamide. 

Carbylbxycarbonyl derivatives of non-methylated 
pyrimidine nucleosides are prepared by reacting the nucleoside 
with the appropriate carbylchloroformate in a solvent such as 
pyridine or pyridine plus dimethylf ormamide under anhydrous 
conditions. The solvent is removed under vacuum, and the 
residue is purified by column chromatography. 

It will be obvious to the person skilled in the art that 
other methods of synthesis can be used to prepare the 
compounds of the invention. 



*7 
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: «- ,ono„ in9 „ mplas are Ulustratlve< but 

IV " ethoas and -po-ti™. of the present inventlon . 
other s Ultabla modlficatlons and adaptations of a 

7 1 Para " eterS — encountered i n clinical 

therapy which are ohvious to ^ ^ ^ ^ ^ 

"ithin the spirlt and scope or this invention. 

EXAMPLES 

£xainp]p i» Triacetyluridine and ~ 

M and mdlne improve survival in 
mace treated with killed E. Coli 

Purpose: 

Sepsis syndrome can be initiate k„ 

De matiated by gram-negative 
bacteria even if they are not 8 n„ e «. • 

endotox.n, a component of the bacterial cell wall. The 
P-pose of this study was to determine the effect of oral 
*riacety lur . ldine and parerjteral ^ ^ ^ 

treated with a lethal dose of Killed E. coli bacteria 

Methods : 

Eighteen female Balb/C nice (eight weeks old) were 
divided into groups of si* animals each. All mice received 
500 microgram of an acetone powder of E. Coli (serotype 
0111184 ' SUSPenfled b * ^"ion in o.» ml of saline. „ ice in 
one group received uridine ,,000 .,A, in 0.2 ml saline, hy 
i-P. injection two hours prior to administration of the £ 
ccli. Another group of mice received triacetyluridine ,6000 
»9/*g in a vehicle of 1:1 corn oil/water containln9 M% 
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by oral intubation. Survival was monitored for one 



A. n = 6 E. Coli (Control) 

n = 6 E. Coli (Control) + Urd i.p. 
C. n = 6 E. Coli (Control) + TAU p.o. 

Results : 

Animals in the Control group appeared to be in shock and 
were hypothermic 18 hours after administration of the E. Coli 
powder. Animals in the treated groups were active and 
maintaining body temperature, although their coats were 
scruffy throughout the first 48 hours of the observation 
period. Animals surviving 4 8 hours recovered completely. All 
of the mice treated only with E. Coli died within 48 hours. 
All mice treated with either uridine or triacetyluridine 
survived administration of killed E. Coli. 

Example 2 z Dose-response study of uridine in protection of 
tissues from endotoxin damage 

Purpose: 

The purpose of this study was to determine the dose- 
response characteristics for uridine in prevention of 
inflammatory tissue damage caused by endotoxin (LPS). 

Methods : 

Female Balb/C mice (eight weeks old) were divided into 
six groups of six animals each. One group of animals remained 
untreated to provide basal values for serum chemistry indices 
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of tissue „ama 9 e. Hice in the raMlnins ^ 

100 micrograms of Salmonella Typ hi „ uriul „ endoto!!in by ± 
injection in . volume 0 . 2 nl saline ^ ^ ^ ^ " 

endotoxin ^.tntion. the five g roups of mice received 
uridine in doses of o. soo. loco. 20 oo end ,000 m 9/ H 9 ,. p . (1 „ 
0.2 .1 sal ln e> respectively. Bi g „teen hours after endotoxin 
adm.nistration. hlood series were collected for determination 

serum chemistry values of indicators of tissue dMage . 
Results: 

uridine produced a dose-dependent protection o, tissues 
a^nst da.. 9 e from endotoxin administration. ^ Mfl 

SPeCl " C a»«=»*« of liver damaoe.- cpk ls an 
indicator of dama 9 e to muscle, LDH is released from toth liver 
and muscle. The most effective uridine dose in mice in this 
experiment was 2000 mg/kg. 
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Table Is Uridine attenuates endotoxin-induced tissue damage 



ALT 



AST 



CPK 



SDH 



Basal (No LPS) 19B1124 137126 7081177 9061211 4912 
Control (LPS) 37681482 41761459 84061850 1162812398 11701157 



Uridine 500 



25681678 30901871 598811225 883211089 ,8341192 



Uridine 1000 13381401* 12061314* 31011860* 443111529* 404195* 

Uridine 2000 6051236* 6201174* 19901642* 453112139* 125145* 

Uridine 4000 11201970* 7441457* 344112378* 868016746* 135175* 



* = Different from Control (LPS i.p.), P < .02 

ALT = Alanine Aminotransferase 
AST = Aspartate Aminotransferase 
LDH = Lactate Dehydrogenase 
CPK = Creatine Phosphokinase 
SDH = Sorbitol Dehydrogenase 



Example 3: Oral triacetyluridine improves survival of nice 
treated with a lethal dose of Salmonella Typhimurium endotoxin 

Purpose: 

Sepsis syndrome caused by gram-negative bacteria is 
mediated primarily through endotoxin, a lipopolysaccharide 
constituent of the bacterial wall. The purpose of this 
experiment was to determine the effect of an orally- 
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ed»inist.red uri dine proaru9 (Triacetyluridine; 
survival of » ice ^ uitb a lethai ^ 

Salmonella Typhimuriun endotoxin (LPs,. 
Methods: 

Twenty female Balb/C mice (eight weeks o,*, 
, .: i9nc "eeJts old) were divided 

into two groups of ten animals each u, 
• . *™* A11 »=• received loo 

micrograms of Salmonella Typhimurium endotoxin hy 

intraperitoneai inaction in ... Ml of sall „ e . ^ f 
-xo. received triacetyluridin. « 6 000 m g/ kg in a vehlcle of x 
corn -V*. containing ... % ^ 80) fay ^ ^ 
survival was Monitored for on. week. 

Results: 

All ten of the animals which received endotoxin .ion. 

'I Kithi " " *""»• ^ - «- -n mice that received oral 
- survived for the seven day ohservation period and appeared 
to have recovered completely. 

° ral redoes tissue damag. caused 

by endotoxin 

Purpose: 

Bacterial endotoxin causes damag. to the liver and other 

organs which can „ a ana „ y deteralnlng 

*.rum levels of .„ 2ynes and oth „ ^ ^ 

end function. The purpose of this study was to determine the 
dose-response characteristics of orally-administered triacetyl 
-idin. (TAU) i„ attenuating tissue damage du . to .ndotoxin. 

<C2- 
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Methods : 

Female Balb/C mice (eight weeks old) were divided into 
groups of six animals each. One group of animals remained 
untreated to provide basal values for serum chemistry indices 
of tissue damage. Mice in the other four groups received 100 
micrograms of Salmonella Typhimurium endotoxin by i.p. 
injection, in a volume 0.2 ml saline. Three groups of 
endotoxin-treated mice also received TAU 24 , 6 , and 2 hours 
before endotoxin in doses of 2000 , 4000, and 6000 mg/kg by 
oral intubation in a volume of 0.4 ml? an additional group 
received a single dose of 6000 mg/kg of TAU two hours before 
endotoxin. The TAU was formulated as a suspension in 1 % 
carboxymethylcellulose in water. The remaining group 
(Controls) received the carboxymethylcellulose vehicle by oral 
intubation. 

Results : 

Oral TAU administration reduced the levels of serum 
chemistry indicators of tissue damage. The beneficial effect 
on prevention of endotoxin-induced organ damage was dose 
dependent. A single dose of 6000 mg/kg TAU 2 hours before 
endotoxin provided approximately the same degreee of 
protection as three such doses 24 , 6, and 2 hours before 
endotoxin . 



BNSDOCID: < WO 94 1 3687A 1 _l_> 



WO 94/13687 



PCT/US93/11531 



Table 2 = tao attenuates e B dot 01 ,i„- inauced tissue daMge 



ALT 



AST 



CPK 



SDH 



Basal , N o LPS) 130146 148±32 563±132 ^ 

Control (LPS) 36791703 4798i927 699e±1064 2263±24? ii2sii7< 

26321915 315111085 541911561 1053180 7931294 

1463*382. 19401456. 38781672* 28111395* 3451106. 

4911199. 4841161. 14481334. 18201612. 172195. 

TAU 6000 365191. 403161. 1221H8L 118 311 S1 . 104 . 18 . 

(single dose) 



TAU 2000 



TAU 4000 



TAU 6000 



* - Different fro* Control (LPS l.p. + vehic i e p . o0 , p , _ D2 



ALT 
AST 
LDH 
CPK 
SDH 



Alanine Aminotransferase 
Aspartate Aminotransferase 
Lactate Dehydrogenase 
Creatine Phosphokinase 
Sorbitol Dehydrogenase 



ItemaeJU. Uridine reduces tissue damage in mice treated with 
carrageenan as a potentiator of endotoxin toxicity 

Carrageenan is a polysaccharide derived from seaweed 
which modifies the activity of macrophages, which are 
principal cellular mediators of systemic inflammatory response 
to endotoxin. Macrophages release inflammatory peptides and 
other compounds in response to endotoxin. Carrageenan 
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pretreatment sensitizes macrophages so that much less 
endotoxin than normal is required to elicit a serious systemic 
inflammatory response. Furthermore, a somewhat different 
spectrum of inflammatory mediators is involved in the toxic 
effects of the combination of carrageenan plus endotoxin 
compared to endotoxin alone (Franks et al., infection an* 
Jmmunity , 59: 2609-2614 [1991]). The purpose of this 
experiment was to determine the effect of uridine on tissue 
damage induced by a combination of carrageenan and endotoxin. 

Methods : 

Female Balb/C mice (eight weeks old) were divided into 
five groups of six animals each. One group of animals 
remained untreated to provide basal values for serum chemistry 
indices of tissue damage. Mice in the other four groups 
received 2 mg of lambda carrageenan in 0.2 ml saline by i.p. 
injection; three of these groups also received, one hour 
later, 2 micrograms of Salmonella Typhimurium endotoxin, also 
by i.p. injection in a volume 0.2 ml saline. Two of the 
groups that received both carrageenan and endotoxin also 
received uridine (2000 mg/kg i.p. in 0.2 ml saline); one group 
was treated with uridine 30 minutes after administration of 
endotoxin, and the other received 3 uridine pretreatments , 24, 
6, and 2 hours before endotoxin administration, at 2000 
mg/kg/dose i.p. Eighteen hours after endotoxin 
administration, blood samples were collected for determination 
of serum chemistry values of indicators of tissue damage. 
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The combination of carrageenan with a low dose of 
endotoxin ( 2 mg) resu ited in significant tissue damage as 
evaluated by serum chemistry indices. Treatment with uridine 
either before or after administration of endotoxin resulted in 
significant attenuation of tissue damage due to the 
carrageenan-endotoxin combination. Data are shown below 



Table 3: Uridine attenuates endotoxin-induced 
carrageenan-sensitized mice 



tissue damage in 



Basal (No LPS) 

Control (LPS) 

Uridine 

Uridine 

( postreatment ) 



ALT 



AST 



LDH 



CPK 



SDH 



223177 141±35 700±145 7471278 33±1 

19371235 20721149 73601354 1161211513 107117 

8171202* 9891139* 43851454* 548511638* 80112* 

7701141* 891179* 44161283* 50331565* H 7±9 



* = 



Different from Control, p<. 



05 



ALT 
AST 
LDH 
CPK 
SDH 



Alanine Aminotransferase 
Aspartate Aminotransferase 
Lactate Dehydrogenase 
Creatine Phosphokinase 
Sorbitol Dehydrogenase 



S4* 
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Example 6: Uridine improves survival in Zymosan-treated mice 



Purpose: 

Zymosan is a yeast component, primarily polysaccharide, 
which induces systemic inflammation and activation of 
complement. In fungal infections in general (including but 
not limited to yeast infections), such polysaccharides ' 
participate in the induction of a sepsis response. Zymosan 
administration to rodents is considered to be a suitable model 
for multiple organ failure syndrome (Goris et al. (1986) Arch, 
Sura, 121:897-901; Steinberg et al. (1989) Arch, Sura, 
124:1390-1395). Mortality at minimum lethal doses of zymosan 
is due in part to gut damage leading to translocation of 
bacteria and bacterial toxins from the gut into the 
bloodstream (Deitch et al., (1992) J, Trauma 32:141-147). 

Methods: 

Female Balb/C mice (eight weeks old) were divided into 
groups of five animals each: 

1. Zymosan 15 mg 

2. Zymosan 15 mg + Uridine 

3 . Zymosan 20 mg 

4. Zymosan 20 mg + Uridine 

5. Basal 

Zymosan A was suspended in mineral oil at a concentration 
of 50 mg/ml and administered by intraperitoneal injection. 
Uridine (2000 mg/kg) was administered by intraperitoneal 

£7 
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18 hoors after a(tai „ istratlon of 2ym£)san> ^ 
were conecte* fr0ra ^ ^ of „ lce ^ 

y " OSan ^ 6 <-**-*-> sroup tor eubseguent 

-easureae,* o f aeru* chanistry ^ ^ ^ 

Results : 



A. Survival a* » h3HX&l 



Group 



.Survival 



Zymosan 15 mg/kg 

Zymosan 15 mg/kg + Uridine 



0/5 
5/5 



Zymosan 20 mg/kg 0/5 
Zymosan 20 mg/kg + Uridine 3/5 



Zymosan 15 mg/kg 0/5 
Zymosan 15 mg/kg + Uridine 4/5 

Uridine significantly improved survival time and 
incidence of long-term survivors among mice treated with 
Zymosan . 
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Table 4: Uridine attenuates Zymosan-induced tissue damage 

MJT AST LDH £PK SDH 

Basal 50±22 93±41 8991198 5321731 52+25 

Zymosan 3971140 392197 19741392 210711172 81115 

Zymosan + Uridine 1201126 2731131 14191244 7541370 58122 



ALT = Alanine Aminotransferase 
AST = Aspartate Aminotransferase 
LDH «= Lactate Dehydrogenase 
CPK = Creatine Phosphokinase 
SDH = Sorbitol Dehydrogenase 

Example 7; Comparison of effects of uridine versus arginine on 
survival of endotoxin-treated mice 

Purpose: 

The amino acid arginine is reported to have beneficial 
effects in sepsis syndrome (Leon et al. J. Parenteral and 
Enteral Nutrition, 1991, 15:503-508). The purpose of this 
study was to compare the efficacy of uridine with that of 
arginine, an agent which supports liver function in sepsis 
syndrome and which is clinical use for this purpose. 

Methods: 

Female Balb/C mice weighing 25 grams were divided into 
five groups of five or six animals each. Mice in the 
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remaining f ive groups received i« • 

v.- received 125 micrograms of Salmonella 

! " llne - — — - ~» ad^nistration. tte 

five groups of , lce received inject . ons 

1) Saline (Controls) 

2) Uridine 2000 mg/kg 

3) Arginine 25 mg/kg 

4) Arginine 250 mg/kg 

5) Arginine 1250 mg/kg 

AH drugs were administered i-p . „ , ^ 
numbers of surviving • 
20, and 24 hours. 

Results : 

0n ly one of the Control aniMlE _ ^ ^ 
" di e — . the Mj orit y of tte ^ trMtea 

undxne or arginine were elive et this point u 

u«is point. However bv 
hours efter ad»inistretion of endotoxin , 
aniaals were in th. the o„ ly surviving 

were ln the group treated with uridine. All three 
7 " ar9lnl " e — ai ti„. (tmt dld not 
produce a„ y Xong-te™ survivors, . and the lowest dose (25 

nr; cieariy mm effectiva *- — - — * 

survival of endotoxin-treated ani»als. 
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Table 5: Effect of uridine vs arginine on survival after LPS 
administration 







Time 


after LPS 


(hr) 




.Groups 


16 




24 


1. 


Control 


1/6 


0/6 


0/6 


2. 


Uridine 


5/5 


5/5 


5/5 


3. 


Arg 25 


5/5 


3/5 


0/5 


4. 


Arg 250 


4/5 


2/5 


0/5 


5. 


Arg 1250 


4/6 


1/6 


0/6 



Example 8; Orotic acid improves survival of mice treated with 
Salmonella Typhimurium endotoxin 

Purpose : 

Sepsis syndrome caused by gram-negative bacteria is 
mediated primarily through endotoxin, a lipopolysaccharide 
constituent of the bacterial wall. The purpose of this 
experiment was to determine the effect of orotate on survival 
of mice treated with a lethal dose of purified Salmonella 
Typhimurium endotoxin. 

Methods : 

Twenty female Balb/C mice (eight weeks old) were divided 
into two groups of ten animals each. One group of mice 
received four treatments with lysine orotate (200 mg/kg/dose? 
9 AM and 2 PM on each of two consecutive days). Lysine 
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orotate is . water-soluble salt ___» 

— not inprove ° f ~ ^ .one 

.ni».ls received 0.2 B1 of sterlJ C °"~« 
schedule. A11 " erlle Kater °" «>e e. ne treatment 

0.2 ml of saline intra P e "toneal injection in 

"me aianedmely after the last dne * 
orotate. Survival was raon ^ ° f lySlne 

a-t was monitored for one week. 

Results: 

zt the contro1 — — « 

ruai 72 hour observafi^ 
alive and appeared to '* rV ' 1 * OB and were still 

ppeared to recover compietelv ™ 
administration. P^etely one week after LPs 

Table 6: orotate improves survival of „ 

urvxval of endotoxin-treated mice 



Control 
LOR 



Survival after endotoxin treatment 

24 * » - a __ ^ 
•/*> 4/10 3/ io 2/10 0/l0 

10/10 10/10 0/10 9/10 



**MBl--ai orotic acid protects ti*.. 

da_a,e SUBS a9alnst endotoxin 
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Purpose: 



The purpose of this study was to demonstrate the 
protective effect of orotic acid in prevention of inflammatory 
tissue damage caused by endotoxin. 



Methods: 



Female Balb/C mice (eight weeks old) were divided into 
three groups of six animals each. One group of animals 
remained untreated to provide basal values for serum chemistry 
indices of tissue damage. Mice in the remaining two groups 
received 100 micrograms of Salmonella Typhimurium endotoxin 
(LPS) by i.p. injection in a volume 0.2 ml saline. Two hours 
prior to endotoxin administration, mice in one group received 
lysine brotate in a dose corresponding to 100 mg/kg of free 
orotic acid. Eighteen hours after endotoxin administration, 
blood samples were collected for determination of serum 
chemistry content of indicators of tissue damage. 

Results: 

Orotate protected tissues against damage from endotoxin 
administration. 
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ALT 



AST 



X.DH 



Basal (No LP S) 13 

"5±21 681±5S2 1258±233 

Control (LPS) 2827+/, 

' 2827+413 2860+506 6833 + 1 u, 

6833±11 67 6820±365 680+l 42 

Orotate + LPS 

415±7? * i6 ««74* 1040*283* 89+7 * 



* J- 



Different from Control fL P S < « , 

a (LPS a -P- ), P < .02 



- Alanine Aminotransferase 
^ = Aspartate Aminotransferase ' 
LDH = Lactate Dehydrogenase 

CPK = creatine Phosphokinase 
SDH " Sort >itol Dehydrogenase 

^ asEaa -^I Uridine and 

Purposes 

lnterleukin-2 (il-2) -,•«= 

- - ~«.rr.r. u : - ~~- - 

°f IL-2 for cancer tr« ^eavxng therapeutic doses 

cancer treatment (Viens et al t -r 
1992 11:218-24) t„ 
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1992 90:196-203). The purpose of this study was to 
demonstrate the utility of the compounds and methods of the 
invention in attenuating hepatic damage initiated by 
administration of Con A. 

Methods : 

Female Balb/C mice (eight weeks old) were divided into 
four groups of five animals each. One group of animals 
remained untreated to provide basal values for serum chemistry 
indices of tissue damage. Mice in the remaining three groups 
received io mg/kg Concanavalin A by intravenous (tail vein) 
injection in a volume of- 0.2 ml saline. Two hours prior to 
receiving Con A, one of these groups of mice received uridine 
(2000 mg/kg i.p. in o.2 ml saline) and another group received 
triacetyluridine (6000 mg/kg orally, in 0.6 ml of a 1:1 corn 
oil/water emulsion containing 2.5 % Tween 80); the remaining 
Con A-treated group (Control) received 0.2 ml saline i.p. two 
hours prior to Con A. Twenty hours after administration of 
Con A, blood samples were collected from all mice for 
determination of serum levels of various indices of tissue 
damage or metabolic dysfunction. 

Results: 

Con A administration resulted in significant damage to 
the liver, as assessed by serum levels of the enzymes ALT , 
AST, and SDH. Con A did not signficantly elevate levels of 
creatine phosphokinase (CK), an enzyme found primarily in 
muscle; tissue damage due to Con A in this model is more 
specifically localized in the liver than is damage due to 
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Con A 



Con A + TAU 



AST 


iDH 




.SPJJ 


217±27 


790+90 


2392±370 


51+2 


2765+1030 


4335+1385 


2572+486 


11141318 


3941114* 


9731202* 


19961317 


163168* 


613+221 


13801270 


19511435 


2831143* 



* - Different tram Control (LPs i D , p 

= Alanine Aminotransferase 
AST = Aspartate Aminotransferase 
">H " lactate Dehydrogenase 
CPK = creatine Phosphokinase 
SDH = sorbitol Dehydrogenase 

^ver damage in the Con A model used in 

-lated to elevated x L - 2 levels and ^ " 

lymphocytes. There f ore ^ ' " * 

invention are usef 7 ^ " ° f 

-erap eu tic 1 " -fects due to 

Peutxc admmxstration of i L - 2 - furt - h 

and methods of the invent . ' Urthermore ' compounds 

tne inventions are usefm 

autoimmune hepatitis. " 
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Example x%t Uridine attenuates sepsis induced alterations in 
blood coagulation 

Purpose: 

Disseminated Intravascular Coagulation (DIC) is a serious 
consequence of sepsis, in which both blood coagulation and 
fibrinolysis are activated, so that blood clotting factors are 
rapidly consumed. DIC can result in hemorrhage or thrombus 
formation. The liver is the primary site for synthesis of 
clotting factors and for clearing micro-aggregates of thrombin 
from the circulation. This purpose of this experiment was to 
determine the effect of pyrimidine nucleotide precursors on 
coagulation disorders induced by sepsis. Partial 
thromboplastin time was used as an index of the status of the 
blood coagulation system. 

Methods : 

Thirty female Balb/C mice (eight weeks old) were divided 
into three groups of ten animals each. One group of mice 
remained untreated, and was used to determine basal values for 
partial thromboplastin time. Two groups of mice received 
received 30 mg/kg killed E. Coli (strain 0111:B4); 
Two hours before E. Coli administration, one group received 
uridine (2000 mg/kg) by intraperitoneal injection. 20 hours 
after E. Coli administration, plasma samples were collected 
from all thirty mice for determination of partial 
thromboplastin time (PTT). 0.27 ml of blood was collected via 
the retro-orbital plexus into a tube containing 0.03 ml of 
3.5% sodium citrate, pH 4. Plasma was separated by 

&7 
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centrifugation, and 100 microliters of 

*o a clean 1 5 Ml ^ PlaSB,a Was ^ferred 

1,5 101 EPPendorf tube for rint^_ 
a commercial kit. ^termination of m with 

Results: 

Dr , AdminlStrati - « billed E. coli resulted in a 
Prolongation of the n0 r,»al partial thromboplastin ti 
-idine attenuated the sepsis-induced change in 
ti»e, as shown in Table 9. coagulation 

- Uridine attenuates sep sis . in(iuced 
Partial thromboplastin time alterations xn 



^^^^J^iroinba Bi astir, m 1r ^ 
Group 

£32 (sejsonds) 
Basal (Normal) 32. 3 ±1. 3 



E. Coli 



E. Coli + Uridine 



69.8+5.4 



51.2±2.1 * 



* = *™ co„ trol (E .coU aXce, v alue , P < ... 

S^l^ co„bi nea Iiver ln3ury due 

ceils a ^d endotoxin 

Sev eral lmportant fQrms of virai 
a U to 1Mune hepatitis „ e lnltiated - 

7 h — = — ™ ate viral 0 , oth T which 
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initiated by a number of other agents like carbon 
tetrachloride, choline deficiency, ethanol, or cholestasis, 
studies were conducted to determine whether liver injury 
caused by T cells induces hepatic hypersensitivity to 
endotoxin. Following this experiment the effect of TAU on 
combined liver injury due to both T lymphocytes and endotoxin 
was investigated. 

Example 12A: Concanavalin A potentiates endotoxin-induced 
tissue damage 

Groups (n=6) of female Balb/C mice, age eight weeks, 
received Concanavalin A (2.5 mg/kg i.v.)/ endotoxin 
(Salmonella Typhimurium, 0.5 mg/kg), or a combination of Con A 
and endotoxin. The Con A was administered twenty four hours 
before endotoxin. Blood samples were taken 18 hours after 
injection of endotoxin (or its vehicle in the groups of mice 
that did not receive endotoxin). The "Basal" group of mice 
received vehicle only (saline) instead of Con A or endotoxin. 

Table 1: Concanavalin A potentiates endotoxin-induced tissue 
damage 

ALT MT LSS CEE sm 

Basal 87±15 110±9 656±41 413±87 39±2 

Con A 2.5 mg/kg 117±19 170116 915±46 4191132 42±4 

LPS 0.5 mg/kg 119±23 256±22 881110 426182 4113 

Con A + LPS 11301494 21191910 437011303 15251450 4711267 

__ _ 
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ALT - Alanine Aminotransferase 
AST = Aspartate Aminotransferase 

= Lactate Dehydrogenase 
CPK = creatine Phosphokinase 
SDH = sorbitol Dehydrogenase 

experiment produced minimal damage to liver a d 

determined by serum m n ' USCle as 

y SBrUm ««Y»e levels (ALT, AST Tnw , 
-rfcers for l iver damage; cpR ' SD « « 

damage). However ln I "* SCle 

A and endotoj ^ I;" 6 ~ ^ ^ - - 

-e t^city :r ntiy greater damage - s 

*y of con A an this model is believed to h 

;r" lMlly - * ea iate a HI.. 

T lymphocytes fi e « attributed to cytotoxic 

P ytes (i... ^ Vlral and autQi hepatitis > 

been demonstrated for liv^ „ ^patitas), as has 

a for laver damage initiated by other 

-suits including, carbon tetrachloride chol • 
D~galactosamine , and viral infects 

TAU attenuates combined liver i ■ 
and endotoxin ^ W dUS to 

Experimental hepatitis initiated by intravenous 

c r t " ° f C °~ alin A <~* " iS — by 

T ° f — C * Oocytes. Liver i nj ury in this 

model resin -ho *~ J y xn this 

resu lts ln . Bar)ted lncrease ^ sensiwv 

ana e„ao toxin results ln ter . than . aadltlve hepati ; 
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injury (see Example 12 A). Hepatocyte injury in viral and 
autoimmune hepatitis involves similar mechanisms, with damage 
initiated by T cells and exacerbated by enterally-derived 
endotoxin and other inflammatory processes. 

TAU protects the liver of experimental animals from 
damage initiated by either endotoxin or Con A. In this 
experiment, TAU was tested for hepatoprotective effects in 
mice subjected to combined liver injury caused by sequential 
administration of both Con A and endotoxin. 

Methods ; 

Female Balb/C mice (eight weeks old) were divided into 
three groups of seven animals each. One group of animals 
remained untreated to provide basal values for serum chemistry 
indices of tissue damage. Mice in the remaining two groups 
received 2 mg/kg Concancavalin A by intravenous (tail vein) 
injection in a volume of 0.2 ml saline, followed 24 hours 
later by Salmonella Typhimurium endotoxin (10 micrograms 
i.p.). One of these groups of mice received TAU (6000 mg/kg 
orally, in 0.6 ml of 0.5% methylcellulose two hours before Con 
A and again 2 hours before endotoxin; the remaining Con 
A/endotoxin-treated group (Control) received vehicle 
(methylcellulose) alone. Eighteen hours after administration 
of endotoxin, blood samples were collected from all mice for 
determination of serum levels of various indices of tissue 
damage or metabolic dysfunction. 
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Sequential administration of con * „ 
in si gn i ficant liver . . ^ end °*°*in resulted 

* ^ver anbury, as assessed by se ™ • 
indices of liver h»« chemistry 

1Ver da » a ge. TAU, administered orallv 
attenuator +v orally, markedly 

attenuates this combined liver injury. 




£L2 



AST 



LDH 



Basal 
Con A/LPS 

Con A/LPS 
+ TAU 



-SDH 



"*«3 " 2 «< ""SO 1521±235 56±3 

"* 5 »o 9 3 408±3 a 9 - 5696t560 4684±lS69 7oo±69 

285±67* 451±87* 1341+236* -^o^ 

J41S236 * 2098±465* 122±19* 



* = Afferent from Control (LPS i.p.), P < 



ALT = Alanine Aminotransferase 
AST = Aspartate Aminotransferase 
U5H « Lactate Dehydrogenase 
CPK = Creatine Phosphokinase 
SDH = sorbitol Dehydrogenase 



-ventaon but not lllnltlng . ^ 

ipi f r:;: ons nay be effectea with °- -~- — «- *~ 

spirat and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A method for treating or preventing tissue 
damage due to systemic inflammatory response syndrome 
comprising administering to an animal a therapeutically 
effective amount of a pyrimidine nucleotide precursor. 

2. A method for treating or preventing sepsis 
comprising administering to an animal a therapeutically 
effective amount of a pyrimidine nucleotide precursor. 

3. A method as in claim 2 wherein said 
pyrimidine nucleotide precursor is uridine, cytidine, orotic 
acid, or an acyl derivative of uridine, cytidine, or orotic 
acid, or a pharmaceutical^ acceptable salt thereof. 

4. a method as in claim 3 wherein said acyl 
derivative of uridine is triacetyluridine. 

5. A method as in claim 2 wherein said animal is 

a human. 

6. A method as in claim 2 further comprising 
administering an inhibitor of uridine phosphorylase. 

7. a method for treating or preventing sepsis 
comprising administering to an animal a therapeutically 
effective amount of an inhibitor of uridine phosphorylase. 

8. A method for reducing toxicity of a 
therapeutic cytokine or inflammatory stimulus comprising 
administering to an animal a therapeutically effective amount 

7& 
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of a pyridine nucleotide precursor prior to, during, or 
■"*' aa » ini «=««on Of said cytokine or said stimulus. 

9- A method as in claim 8 wherein said 
pyridine nucleotide precursor is uridine, cytidine, orotic 
acid, or an acyl derivative cf uridine, cytidine. or orotic 
acid, or a pharmaceutical^ acceptable salt thereof. 

«• A method as in claim 9 wherein said acyl 

derivative of uridine is triacetyluridina. 

A method as in claim 8 „ hereln sala 
or said stimulus is selected from the group consisting cf 
interleukin 1. interleukin-*. interleuKin .. tumor necrcsis 
factor, endotoxin, fungal polysaccharides, and double-stranded 

KNA • 



A method as in claim 8 further comprising 
the step of administering an: inhibitor of uridine 
phosphorylase 



13. 



A method for reducing toxicity of a 
therapeutic cytokine or inflammatory stimulus comprising 
administering to an animal a therapeutically effective amount 
of an inhibitor of uridine phosphorylase prior to. during or 
after administering said cytokine or said stimulus. 

«• A method as in claim 13 wherein said 

cytokine or said stimulus is selected from the group 
consisting of interleukin 1, interleuki„- 2 , interleukin 6 
tumor necrosis factor, endotoxin, fungal polysaccharides, and 
double-stranded RNA. 

7 jf 
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15. A method for treating cancer comprising 
administering to an animal a therapeutically effective amount 
of a therapeutic cytokine or inflammatory stimulus and a 
therapeutically effective amount of a pyrimidine nucleotide 
precursor prior to, during, or after administration of said 
cytokine or said stimulus, 

16. A method as in claim 15 wherein said 
pyrimidine nucleotide precursor is uridine , cytidine f orotic 
acid, or an acyl derivative of uridine, cytidine, or orotic 
acid, or a pharmaceutical ly acceptable salt thereof. 

17. A method as in claim 16 wherein said acyl 
derivative of uridine is triacetyluridine. 

18. A method as in claim 15 wherein said 
cytokine or said stimulus is selected from the group 
consisting of interleukin 1, interleukin-2, interleukin 6 , 
tumor necrosis factor, endotoxin, fungal polysaccharides, and 
double-stranded RNA. 

19. A method as in claim 15 further comprising 
the step of administering an inhibitor of uridine 
phosphorylase . 

20. A method for treating cancer comprising 
administering to an animal a therapeutically effective amount 
of a therapeutic cytokine or inflammatory stimulus and a 
therapeutically effective amount of an inhibitor of uridine 
phosphorylase prior to, during, or after administering said 
cytokine or said stimulus. 

7^ 
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cytokine " ' ■ * "" h0d " ^ Clai " 20 " he "- — 

^ ° r «lect. a from th . , roup 

consisting of interleu[in j 9 " 

, interleukin 6 

r.zr;r — * — «— 

22 • A method for treating or r 

inflammatory hepatitis comprising ^nisLUZZT^ ■ 

uridine, cytidine or orotic aci* 
accede salt thereof ' " ' 

aerivstivs" uria ;; eth ° d " in ClSi " — *» — a=ya 
ive of uridine is triacetyluridine. 

fu«„ ^ ' * " eth0a " ln Clai » " Eluding the 

™ r * — - of uridine 

phosphorylase. 

A method for treating or preventing 
inflammatory hepatitis comprising administering to an eni. , 
therapeuticallv animal a 

P tically effective amount of an inhibitor of uridine 
phosphorylase. ne 

26 • A method for treating ~- 

Ior -creating or preventing 

inflatory hepatitis comprising' administering to an animai a 
therapeutically effective amount of uridine or cytidine. 



27. 



A method as in claim 26 wherein from 2 to 40 
grams of uridine or rvf,^,- 

6 ° r Cytldlne a " administered per day. 

28 • A method for treating ~- 

seating or preventing hepatic 

-mage in an animal receiving tot.1 parenteral nutrition 
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comprising administering intravenously to said animal a 
therapeutically effective amount of a pyrimidine nucleotide 
precursor. 

29. A method as in claim 28 wherein said 
pyrimidine nucleotide precursor is uridine, cytidine, orotic 
acid, or an acyl derivative of uridine, cytidine, or orotic 
acid, or a pharmaceutical^ acceptable salt thereof. 

30. A method as in claim 28 wherein from 2 to 40 
grams of said pyrimidine nucleotide precursor are administered 
per day. 

31. A method as in claim 28 including the 
further step of administering an inhibitor of uridine 
phosphorylase . 

32. a method for treating or preventing hepatic 
damage in an animal receiving tota3 parenteral nutrition 
comprising administering to said animal an inhibitor of 
uridine phosphorylase. 

33. A method for treating or preventing hepatic 
damage in an animal receiving a liver transplant comprising 
administering to said animal a therapeutically effective 
amount of a pyrimidine nucleotide precursor. 

34. A method as in claim 33 wherein said 
pyrimidine nucleotide precursor is uridine, cytidine, orotic 
acid, or an acyl derivative of uridine, cytidine, or orotic 
acid, or a pharmaceutically acceptable salt thereof. 

77 
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35 * A aethod as in elaim 33 wherein 

grams of said pvri»*m« " ln from 2 to 40 

ie pyridine nucleotide precursor are .„„■ • 
per day. re adm inistered 

furth /*• * * ethod as ln «i- 33 inci» dlng tte 

*«-r step of ad „ lnlsterlng a „ lnhlMtor J 
Phosphorylase. ""nine 

37 • A method for treating ~ 

— ~ i- an animal receiving . ^ "~ 
administering to said • transplant comprising 

9 t0 Said aniMa l an inhibitor of uridine 
Phosphorylase. uridine 

38 - A composition comprising: 

preJlr aerlVaWVe " ' ™— — 

and ; 

b> « inhibitor of uriaine phosphoryiase 
39 • A composition comprising: 

precursor" ^ derlV " iVe M ' ~« 



and; 



b) a purine nucleotide precursor. 



40. A composition as in claim 39 where said 

::;::r — ~ — — — r 

41 -_ A composition as in ciai» -» Q ^ 
_„ . in Cla im 39 where said 

ZZZT* precursor ls lnosi - — - - - 

aenvative of mosine or adenosine. 

7S 
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